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We consider an electric charge, minimally coupled to the Maxwell field, rotating around a 
Schwarzschild black hole. We investigate how much of the radiation emitted from the swirling 
charge is absorbed by the black hole and show that most of the photons escape to infinity. For this 
purpose we use the Gupta-Bleuler quantization of the electromagnetic field in the modified Feyn¬ 
man gauge developed in the context of quantum field theory in Schwarzschild spacetime. We obtain 
that the two photon polarizations contribute quite differently to the emitted power. In addition, we 
discuss the accurateness of the results obtained in a full general relativistic approach in comparison 
with the ones obtained when the electric charge is assumed to be orbiting a massive object due to 
a Newtonian force. 
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I. INTRODUCTION 

Much effort has been devoted to confirm the presence 
of black holes in X-ray binary systems pj as well as in 
galactic centers Q - The analysis of the radiation emit¬ 
ted from accretion disks swirling around black hole can¬ 
didates may play a crucial role in the experimental con¬ 
firmation of the existence of event horizons (see, e.g., 
Ref. 0). It is interesting, thus, to compute the amount 
of the emitted radiation which is able to reach asymp¬ 
totic observers rather than be absorbed by the hole. In 
a recent work, Higuchi and two of the authors analyzed 
the radiation emitted by a scalar source rotating around 
a Schwarzschild black hole @j. In the present work we 
study the more realistic case where the scalar source is 
replaced by an electric charge. In order to capture the 
full influence of the spacetime curvature on the emitted 
radiation, we work in the context of quantum field theory 
in Schwarzschild spacetime (for a comprehensive account 
on quantum field theory in curved spacetimes see, e.g., 
Ref. i)- Because of the difficulty to express the solution 
of some differential equations which we deal with in terms 
of known special functions (see e.g. Ref. @ for a discus¬ 
sion on this issue) our computations are performed (i) 
numerically but without further approximations and (ii) 
analytically but restricted to the low-frequency regime 
(in which case the radial part of the normal modes can 
be written in terms of Legendre functions 0 )- 

We organize the paper as follows. In Section El we re¬ 


view the Gupta-Bleuler quantization of the electromag¬ 
netic field in a modified Feynman gauge in the spacetime 
of a static chargeless black hole Jg. We compute the 
radiated power from an electric charge swirling around 
a Schwarzschild black hole in Section EH In Section ED 
we compare this result with the one obtained considering 
the charge as orbiting a Newtonian object in flat space- 
time. Finally we use the previous results to compute in 
Section El what is the amount of the emitted radiation 
which is able to reach asymptotic observers. Our final re¬ 
marks are made in Section EH We assume natural units 
h = c = G = 1 and metric signature (-1-). 

II. QUANTIZATION OF THE 
ELECTROMAGNETIC FIELD IN 
SCHWARZSCHILD SPACETIME 

In this section we review the quantization of the mass¬ 
less vector field in Schwarzschild spacetime following 
closely Ref. fj. We write the line element of a static 
chargeless black hole as 

ds 2 = f (r)dt 2 -f {ry 1 dr 2 -r 2 d0 2 -r 2 sin 2 ddej) 2 , (2.1) 
where / (r) = 1 — 2 M/r. 

We then consider a massless vector field in this geom¬ 
etry with classical action given by 
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with g = r 2 sin 0, G = and 

K* 1 = (0, df /dr, 0,0). 

The corresponding Euler-Lagrange equations are, thus, 
+ V M G — K^G = 0, (2.4) 


signature (-)], V a is the associated covariant derivative 

on S 2 , V a = fj ab W b and V 2 = i) a bV a V b . 

We write the complete set of positive-frequency solu¬ 
tions of Eq. (IQ) with respect to the Killing field dt in 
the form 


which can be cast in the form 


ld?A,--Ld r (r>a r A t ) + ±V*A, = 0, 


7 a ? A '-7 8 ' 

f 


r 1 2 




d r (r 2 A r ) 


+ ^-V 2 A r 


~d r [ A- ) V a A a = 0, 


/ 

+d a S7 b A b 


(2.5) 


( 2 . 6 ) 


-d 2 A a - d r (f d r A a ) + 1 [v b (v b A a - V a A b ) 


<9r At d a A r = 0 . 


(2.7) 


Here a and b denote angular variables on the unit 2- 
sphere S 2 with metric fj ab and inverse metric fj ab [with 


4™'”) = C e ™ lm (r, 0 , 4>)e~ iu>t , u > 0. (2.8) 


The index e stands for the four different polarizations. 
The pure gauge modes, e = G, are the ones which sat¬ 
isfy the gauge condition G = 0 and can be written as 
A^ G nuiim) _ where A is a scalar field. The physical 

modes, e = I, II, satisfy the gauge condition and are not 
pure gauge. The nonphysical modes, e = NP, do not 
satisfy the gauge condition. The modes incoming from 
the past null infinity J~ are denoted by n =<— and the 
modes incoming from the past event horizon H~ are de¬ 
noted by n =—>. The l and m are the angular momentum 
quantum numbers. 

The physical modes can be written as 


J 
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1(1 + 1) dr 


[ r V l ui M] dgYim, 
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1(1 + 1) dr 


Vvl " O’)] d^Yir, 


(2.9) 


and 


4 IWm) = (°> °> r ^i « VJr oo Y i m ) e " 

i- 


( 2 . 10 ) 


with l + 1 (since the gauge condition G = 0 is not sat¬ 
isfied for 1 = 0). The radial part of the physical modes 
satisfies the differential equation 

(u; 2 - Vs) (r)] + (/^ [np% (r)]^ = 0, 

( 2 - 11 ) 

where A = I, II and 


V S =[1- 


2 M 


A l (l + 1) 


r J 


( 2 . 12 ) 


is the Schwarzschild scattering potential (see solid line 
in Fig. nj. Yi m and Y^ m are scalar and vector spherical 
harmonics [9|, respectively. The remaining modes can be 
written as 

4 NP ” im ) = (^P" ( r ) Yi m , 0,0,0) e” 

and 

A< G ’ 

with l ^ 0, where 


and satisfies 

( W 2 - V S ) V N J n (r) + 


r 2 dr 


r Tr ip ™ n{r)] = °- 


(2.15) 

The conjugate momenta associated with the field 
modes are defined by 
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dC 


V ~9 d [V^Ay] 

= -[F^+g^G] | 
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A U =A' 


A a =A 


(O 


(2.16) 


where (z) represents By writing the con¬ 

served current 


NP n i 


U) 


0, 0, 0) e~ iut 

(2.13) 

W» A (i) ,A U) =i Al’ ) n (j > 1 ' - n«^A^ , (2.17) 

where the overline denotes complex conjugation, we nor- 


(2.14) 

malize the field modes through the generalized Klein- 
Gordon inner product AO] defined by 

) Y lm e~ iut 


(A (i) ,A (i) )= J A (i) ,A (j) . (2.18) 
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Here dY^ = dY^ n M , where dY^ is the invariant 3- 
volume element of the Cauchy surface E and n^ is the 
future pointing unit vector orthogonal to E. The modes 
are then normalized such that 


= M^6 nn ,5 w S mm ,6(cj 
where the matrix M ee is given by 


(2.19) 


M ee ' 


/ 1 0 0 0 \ 

0 10 0 I 

0 0 0 -1 

\ 0 0 -1 -1 / 


( 2 . 20 ) 


with e = (I, II, G, NP). 



FIG. 1: The potentials Vs (solid line) and Vm (dashed line), 
for 1 = 1, are plotted as a function of r/M with r being the 
radial coordinate in Schwarzschild and Minkowski spacetimes, 
respectively. The Schwarzschild potential is restricted to r > 
2 M while for the Minkowski potential we have r > 0. Note 
that both Vs and Vm decrease asymptotically as 1/r 2 but 
behave quite differently for r « 2M. 


In order to quantize the electromagnetic field, we de¬ 
mand the equal time commutation relations 


Ap (x, t ), A v (x',i) 


n M t (x,t) ,n„ t (x',t) 


= 0 , 

( 2 . 21 ) 


(x,t) ,tv tv (x',t) 




5 3 (x-x'). (2.22) 


The electromagnetic field operator can be expanded in 
terms of the normal modes as 


K= E 


dto 


d(i)A^ + 


(2.23) 


where cqq and are the annihilation and creation op¬ 
erators, respectively, satisfying 


d(enulm ), 


— ^ee' dnn' dll' dram,' d (^ ^ ) ■ 


(2.24) 

The Fock space of the physical states IPS) is obtained by 
imposing the Gupta-Bleuler condition llj. In our case, 
this corresponds to impose 


G (+) |PS) = 0, (2.25) 


where G^ + ) is the positive-frequency part of the operator 
G = Condition 12.2511 corresponds to 


a(NP uinlm) |PS) = 0. (2.26) 

The physical states are obtained by applying any number 
of creation operators aj lnw ^, a[ IWm) and a[ NPnw , m) to 
the Boulware vacuum |0) pjj defined by 


d(ena,lm) |0) = 0. (2.27) 

The creation operators associated with pure gauge modes 
take physical states into nonphysical ones. Moreover 
physical states of the form a[ NPnl ^ m ) |PS) have zero 
norm. Therefore we can take as the representative ele¬ 
ments of the Fock space those states obtained by applying 
the creation operators associated with the two physical 
modes to the Boulware vacuum. For this reason we will 
be concerned only with the two physical modes, A = I, II, 
in the rest of the paper. (A more detailed discussion 
of the Gupta-Bleuler quantization of the electromagnetic 
field in spherically symmetric and static spacetimes can 

be found in Ref. @.) _ 

The solutions of Eq. (I2TH) are functions whose prop¬ 
erties are not well known. (See Ref. 3 for some prop¬ 
erties.) We can, however, obtain their analytic form 
(i) in the asymptotic regions for any frequency and (ii) 
everywhere if we keep restricted to the low-frequency 
regime. In order to study the asymptotic behavior of 
the physical modes we use the Wheeler coordinate x = 
r + 2M In (r/2M — 1) and rewrite Eq. 12.1111 as 

(u, 2 - V S ) [np% (*)] + ^ [r^ (*)] = 0. (2.28) 

Since the Schwarzschild potential vanishes for r = 

2 M and decreases as 1/r 2 for r 2 M (see Fig. 0, 

the solutions of Eq. can be approximated in the 


asymptotic regions by 


rvtr ( r ) ~ 

, ( Bfr {e iux + RtVe~ iux ) 

l BfrT^i'+'wxhP {ujx) 

{x < -1), 
(*>!)> 


(2.29) 

and 


(x < -1), 

O') « 

| ({-i) l+1 uxh^* {ujx) 



{ + R uTi l+1 ujxh\ 1] (ur)) 

{x » 1), 


(2.30) 
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where rip^T (r) and (r) are solutions incoming 

from H~ and J ~, respectively. Here h, (x) is a spher¬ 
ical Bessel function of the third kind [I 3 , B are nor¬ 
malization constants, and | | 2 and | T*™ | 2 are the re¬ 

flexion and transmission coefficients, respectively, satisfy¬ 
ing the usual probability conservation equation | R*™ | + 

IT**| = 1. Using the generalized Klein-Gordon inner 

product defined above we obtain 


1 2 ; ((l + l)!) 2 M l ,_ 1/2 

\Jid(l + 1) (2Z)! (2Z + 1)!! 


and 


r n*- = J_ 2 ; (1 + 1) ( l\?M 1 /2 

“ 1 0F l (21)1 (21 + 1)!! 


(2.38) 


(2.39) 


I olnl _ 

I — 


1(1 + 1 ) 

47T 


3/2 


(2.31) 


and 


III. ROTATING CHARGE IN 
SCHWARZSCHILD SPACETIME 


= -^=t^- 1/2 - (2.32) 

V47T 

Let us now find the analytic expressions of the physi¬ 
cal modes in the low-frequency approximation. For this 
purpose we rewrite Eq. TO) as 


d_ 

dz 


(1 - U ^ 


(2.33) 


1(1 + 1 )- 


z + 1 


- uj z M- 


: (*+! f 

z-1 


vZ 7 ! (*) = 0 , 


where z = r/M—1. In the low frequency regime, we write 
the two independent solutions of Eq. eh for l ^ 1 as 




(z) » C% 


Qi (z) 


(z - 1) dQi (z) 
l (l + 1) dz 


(2.34) 


and 


Now let us consider an electric charge with 6 = tt/ 2, 
r = Rs and angular velocity H = d<j)/dt = const > 0 (as 
defined by asymptotic static observers), in uniform circu¬ 
lar motion around a Schwarzschilcl black hole, described 
by the current density 


3 s = r— 0 ^ ( r “ Rs "> 7r / 2 ) HP- tot) u 

y/—gu u 

(3.1) 

Here q is the coupling constant and 

u * (n ' Rs> = 77 m ( “» 

is the charge’s 4-velocity. We note that jg is conserved, 
V,j.jg = 0, and thus f s dS^jg ( x v ) = q for any Cauchy 
surface E. 

Next let us minimally couple the charge to the field 
through the action 




ct 



(g - 1) dPi (z) 
1(1 + 1) dz 


(2.35) 


Sr = Jd 4 x Vm? 3s\- (3.3) 


where Pi (z) and Qi (z) are Legendre functions of the 
first and second kind >7|, respectively, and C*" are nor¬ 
malization constants. We note that since Pi (z) ~ z l 

and Qi (z) « z~ l ~ x for z 1 and Pi (z) ~ 1 and 

Qi (z) ~ — log \Jz — 1 for z k, 1, we obtain from Eqs. 
(EHH) and (12. 3 511 that <pZ/T diverges in H and remains 
finite in J ~, whereas ‘fiZT diverges in and remains 
finite in H~. This is the reason why we have associated 
Qi (z) and Pi (z) with modes incoming from H~ and 
J-, respectively. 

Now, by fitting asymptotically Eqs. iTTiHl) and (EH 
with Eqs. EH and EH) , respectively, we obtain that 
the normalization constants are (up to arbitrary phases) 


-»i- 


= 2 ] / Kl + 1) w- 1 / 2 , 

(2.36) 

c- = 4- i/2 . 

(2.37) 


Then the emission amplitude at the tree level of one pho¬ 
ton with polarization e and quantum numbers (n, u>, l, m) 
into the Boulware vacuum is given by 

A enulm = (enu)lm\ |0) 

= ijd 4 xV^f s 4 nulm) - (3-4) 


It can be shown that A enulm oc S (u> — mfl). This implies 
that only photons with frequency wo = rnPl are emitted 
once the charge has some fixed H = const. One can also 
verify that the pure gauge and nonphysical modes have 
vanishing emission amplitudes. This is so for the pure 
gauge modes because = 0 and for the nonphysical 

modes because they have zero norm. 

The total emitted power is 


OO l 


w s = E E EE 

A=I,IIn=<-,-> 1=1 m= 1 ' 


/»+00 


duj uj \A 


Xnujlm I ^ 


/T, 

(3.5) 
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FIG. 2: The total power Ws emitted by the electric charge 
rotating around a Schwarzschild black hole is plotted as a 
function of the angular velocity fl as measured by asymptotic 
static observers. The solid line represents our numerical result 
whereas the dashed line represents our analytic result for low 
frequencies. The l summation in Eq. IT til is performed up 
to l = 6. MD, ranges from 0 up to 0.068 (associated with the 
innermost stable circular orbit at Rs = 6 M). 


FIG. 3: The ratio Wm/Wc is plotted as a function of U con¬ 
sidering an increasing number of contributions of the angular 
momentum l. We perform the summation from l = 1 up to 
l = Imax with Imax varying from 1 to 6. We see that Wm 
rapidly approaches the value of Wc as we increase Imax■ We 
also verify that it is important to consider large angular mo¬ 
mentum contributions as the charge approaches the central 
object. 


where T = 2tt6 (0) is the total time as measured by the 
asymptotic static observers. Using now Eqs. 
and CE 3 J-G 3 we rewrite Eq. 13.51) as 


oo l 


£ ££[ 


W, 


lnujolm _|_ ^rllnujolm 


n =<—► 1=1 m—1 


(3.6) 


with 


w inu, 0 im = 27 Tq 2 m 3 n 3 / 2 M 

S [1(1 + i)l 2 V Rs 


1 2 


dRs 


[i? s vi: i (Rs)] 


(3.7) 


and 


W llnu 0 lm = 27rq 2 mn 3 tfln (i?5 )] 2 

x \Y l ™ (tt/2,0)| 2 . (3.8) 


Let us now relate the radial coordinate Rs of the ro¬ 
tating charge with its angular velocity f2. According to 
General Relativity for a stable circular orbit around a 
Schwarzschild black hole we have 0 

R s = (M/U 2 ) 1/3 . (3.9) 

We use this relation to compute numerically the emitted 
power given by Eqs. GH-crg) as a function of f 1. The 


numerical method used here is analogous to the one de¬ 
scribed in Ref. 0. The result is plotted as the solid line 
in Fig. [5| The main contribution to the emitted power 
comes from modes with angular momentum l = m = 1. 
The larger the l , the less is the contribution to the to¬ 
tal radiated power. For a fixed value of Z, the dominant 
contribution comes from m = l. Performing the sum¬ 
mation up to l = 6 in Eq. (EDI . modes with l = m = 1 
give almost all the contribution in the asymptotic region, 
while they contribute with about 65% at Rs = 6 M (the 
innermost stable circular orbit according to General Rel¬ 
ativity). In this case, the modes with l = 6 contribute 
with less than 0.3% of the total radiated power for any 
position of the rotating charge. 

It is interesting to note that the magnitude of the to¬ 
tal radiated power in the electromagnetic case is approx¬ 
imately twice the numerical result found previously for a 
scalar source coupled to a massless Klein-Gordon field @|. 
In principle, this is not surprising because of the fact that 
photons have two physical polarizations. Notwithstand¬ 
ing, it should be emphasized that the two polarizations 
contribute quite differently to the emitted power. For 
our rotating charge, the contribution from mode A = II is 
negligible when compared with the one from mode A = I 
for every choice of (n,co,l,m). Considering angular mo¬ 
mentum contributions up to l = 6, the ratio between the 
emitted power associated with modes A = II and A = I 
is always less than 0.1%. 

Next, we use our low-frequency expressions for the 
physical modes, Eqs. 12.3411 - 12.391) . [and Eq. 13.91) 1 in 











IV. COMPARISON WITH FLAT SPACETIME 
RESULTS 
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FIG. 4: The ratio Ws/Wm is plotted as a function of the an¬ 
gular velocity Q. Again we consider contributions of the an¬ 
gular momentum up to l = 6 in the summations in Eqs. m.tii 
and (I4.2L The maximum value of MSI is 0.068. The solid 
line corresponds to our numerical result, while the dashed 
line corresponds to our analytical low-frequency approxima¬ 
tion result. 

Eqs. (13.611 - 13.81 to obtain an analytic approximation for 
the emitted power. The result is plotted as the dashed 
line in Fig. [ 2 ] We see from it that the numerical and 
analytical results differ sensibly as the charge approaches 
the black hole but coincide asymptotically, since far away 
from the hole only low frequency modes contribute to the 
emitted power. 


In order to exhibit how better a full curved spacetime 
calculation can be in comparison with a flat spacetime 
one, let us show how the results found in the previous 
session differ from the ones obtained in Minkowski space- 
time. In the latter case, the rotating charge is represented 
by the conserved current density 

3m OO = -^~8(r-R M ) 5(6 -tt/2) 5 

x (1,0,0,12). (4.1) 

This is formally identical to Eq. ED but it is impor¬ 
tant to keep in mind that R$ and Rm are associated 
with Schwarzschild and Minkowski radial coordinates, 
respectively, which cannot be identified. The charge is 
regarded now as moving in a circular orbit due to a New¬ 
tonian gravitational force around a central object with 
the same mass M as the black hole. In order to relate 
the radial coordinate Rm with the angular velocity f 1 
(which is assumed to be measured by the same asymp¬ 
totic static observers as before), we use the Keplerian 
relation: Rm = M 1 / 3 !! -2 / 3 . 

The quantization of the electromagnetic field can be 
performed analogously to the procedure exhibited in Sec¬ 
tion HD by making / = 1 . As a consequence, the scat¬ 
tering potential Vs in Eq. (I 2 ~l 2 l) is replaced by Vm = 
l(l + l)/r 2 . In Fig. |U we plot the Minkowski scattering 
potential for l = 1 (see dashed line). 

Assuming the same minimal coupling between the 
charge and the electromagnetic field as before, we obtain 
that the emitted power at the tree level is given by 


W M = 


9q 2 f2 16 / 3 


EE 


l 2 

m 


2 ^ ^ 1(1 + 1) dfl l 

1=1 771=1 V ' L 


d r 


rr 2/3 


3i 


(jn (ClM) 


1/3 


| Y lm (tt/2, 


OO l 


+ 2 q 2 n 8/3 M 2/3 EE m^m^M) 1 / 3 )] \Yl m (n/2,0)\ 2 . 


1=1 m=1 


(4.2) 


The modes responsible for the dominant contributions 
to the radiated power follow the same pattern as in the 
Schwarzschild case. In particular, the contribution from 
the physical modes A = II is negligible when compared 
with the contribution from the physical modes A = I. 

As a consistency check for the flat spacetime re¬ 
sults, we compare our quantum-oriented calculations 
with classical-oriented ones which lead to the Larmor for¬ 
mula for the total emitted power. Applying it to the case 


of a Keplerian circular orbit, we obtain 

Wc = ^ M2,3n8 Vt (4.3) 

67T 

with 7 m = (1 — Af 2 / 3 fl 2 / 3 ) -1 / 2 . In Fig. 0 we plot the 
ratios between Wm and Wc, where the summations in 
Eq. iTOl) are performed up to increasing values of l = 
l m ax- We see that for l m ax = 6 the difference between 
Wm and Wc is less than 0.1% for Rm > 6 M. This is in 
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agreement with the fact that the contributions associated 
with higher values of l are negligible to the emitted power. 

Next we compare our curved and flat spacetime re¬ 
sults using our previous expressions for Ws and Wm as 
functions of the physical observables M and fl as mea¬ 
sured by asymptotic static observers. We plot the ra¬ 
tio between Ws and Wm hr Fig. 0 obtained from our 
numerical computations (solid line) and from our low- 
frequency analytic approximation (dashed line). In both 
cases the ratio tends to the unity as the charge rotates 
far away from the attractive center, as a consequence of 
the fact that the Schwarzschild spacetime is asymptoti¬ 
cally flat. As the rotating charge approaches the central 
object, curved and flat spacetime results differ more sig¬ 
nificantly. In the innermost relativistic stable circular 
orbit, the numerical computation gives that Ws is 30% 
smaller than Wm ■ We emphasize that this is not a simple 
consequence of the red-shift effect, since the mode func¬ 
tions representing the quanta of the emitted radiation are 
quite different in curved and flat spacetimes. 

V. ABSORPTION OF THE 
ELECTROMAGNETIC RADIATION BY THE 
BLACK HOLE 



MQ 


FIG. 5: The ratio between the asymptotically observed power 
Wg bs and the emitted power Ws is plotted as a function of the 
angular velocity Q of the swirling electric charge according to 
asymptotic static observers. MQ varies from 0 to 0.068. The 
summations in Eqs. 15. II and 13.61 are performed up to l = 6. 


Now, this is interesting to use our quantum field theory 
in Schwarzschild spacetime approach to compute what is 
the amount of emitted radiation which can be asymptot¬ 
ically observed. This is given by 


OO l 


ws bs = 


E E E [i t E 


l w, 


A —HjJolm 


A—I,II 1=1 m —1 


A<— 12 TTr\*—uJolm 




(5.1) 


Our numerical result is shown as the solid line in Fig.0 
In order to compute Wg bs in the low-frequency approx¬ 
imation (see dashed line in Fig. 0 we calculate the ex¬ 
pressions for the transmission and reflection coefficients. 
For this purpose we use 


Qi 


-i -1 

(2Z + 1)! 


in Eq. (IPl) to write 


(z» 1) 


(5.2) 


r<pZ? 


C; 




l (21 + 1 )! 


(®»1) ■ (5.3) 


Comparing the above expression with Eq. and 

using that /q (1) (x) « rji (x) « -EE 
obtain 


-i -1 


for x 1, we 


|t a_| _ jg£rl 2 2i (l + 1) (d) 3 M l+1 uj l 
1 ul 1 \Bfr\ l {2l)\ (21 + 1)! 1 ’ 

with the normalization constants given by Eqs. 12.311 1. 
(ion , (ion and ilPTIi . The reflexion coefficients are 


determined using that = 1 ~ |^~E- 

We see from Fig. [o] that the black hole absorbs only a 
small amount of the emitted radiation. Even for the in¬ 
nermost stable circular orbit the black hole absorbs only 
3% of the total radiated power. These results are consis¬ 
tent with the fact that the absorption cross section of a 
Schwarzschild black hole is proportional to u> 2 for small 
frequency photons (see, e.g., flfl'I. 

VI. FINAL REMARKS 

In this paper we have considered the radiation emit¬ 
ted by an electric charge rotating around a chargeless 
static black hole in the context of quantum held theory in 
curved spacetimes. We have obtained that the two physi¬ 
cal photon polarizations give very different contributions 
to the total emitted power. Indeed, the contribution of 
one of the physical modes is negligible as compared with 
the other one. As a consistency check of our procedure 
we have computed, using a similar approach, the emit¬ 
ted power from a charge in Minkowski spacetime rotat¬ 
ing around a massive object due to a Newtonian force 
and showed that this is in agreement with Larmor’s clas¬ 
sical result. Then we compared the radiation emitted 
(as measured by asymptotic static observers) consider¬ 
ing the attractive central object with mass M as (i) a 
Schwarzschild black hole and (ii) a Newtonian massive 
object in flat spacetime. We have obtained that curved 
and flat spacetime results coincide when the charge orbits 
far away from the massive object but differ considerably 
when the charge orbits close to it. The difference reaches 
30% for the innermost stable circular orbit. This result 









corroborates the importance of considering the curvature 
of the spacetime in astrophysical phenomena occurring 
in the vicinity of black holes when they involve parti¬ 
cles with wavelengths of the order of the event horizon 
radius. Finally, we have computed the amount of the 
emitted radiation which is absorbed by the black hole. 
We have shown that most of the emitted radiation can 
be asymptotically observed. For the case of the inner¬ 
most stable circular orbit at Rs = 6 M, about 97% of the 
emitted power can be in principle detected at infinity. 
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